Ankylosing spondylitis is one of the subgroup of diseases called "seronegative spondyloarthropathy". Frequently, it affects the vertebral colon and sacroiliac joint primarily and affects the peripheral joints less often. This chronic, inflammatory and rheumatic disease can also affect the extraarticular regions of the body. The extraarticular affections can be ophthalmologic, cardiac, pulmonary or neurologic. The cardiac affection can be 2-10% in all patients. Cardiac complications such as left ventricular dysfunction, aortitis, aortic regurgitation, pericarditis and cardiomegaly are reviewed.
Introduction
Ankylosing spondylitis (AS) is a chronic, inflammatory and rheumatic disease from the group of spondyloarthropathies (SPAs), which primarily involves the sacroiliac joint and spine, and less frequently peripheral joints, and can also present with non-joint involvement. The disease frequently affects young adult males. The human leukocyte antigen (HLA)-B27, present in the majority of the patients, contributes to pathophysiological mechanisms of the disease [1] . Non-joint involvement may be observed as ophthalmological, pulmonary, neurological, and cardiac manifestations. Cardiac involvement in AS patients has been reported at the rate of 2-10% [1] [2] [3] . Cardiac involvement in AS may be in the form of aortic insufficiency, aortitis at the ascending aorta, atrioventricular (AV) block, or branch block. The most frequently observed complications are conduction defects and aortic insufficiency. Mitral insufficiency in AS is rare, but can cause cardiac failure [4] [5] [6] [7] . Cardiovascular system involvement is more frequent in patients with long-term AS and with peripheral joint involvement [8] .
The frequency of aortic dissection has been reported as approximately 2.9 in 100,000 [9] . It is the most fatal disease that involves the aorta [10] . The most frequently observed symptom in these patients is chest pain; however, it may present with atypical findings, such as having no pain or as the presence of cardiac, neurological, or ischemic extremities [11, 12] . Aortic dissection is generally observed between the ages of 50 and 70 years, and is found in men at a rate that is double of that observed in women [11] . Hypertension is the leading etiological agent [11] . In addition, causes such as acute joint rheumatism, syphilis, traumatic aortic insufficiency, bacterial endocarditis, Marfan's syndrome, and AS weaken the tunica media of the aorta in particular, and form the basis for the dissection to develop [13] .
Sources of stroke can appear within lesions, especially those within the proximal aorta, and paraplegia can develop in cases with distal lesions that involve the spinal arteries. Even though stroke and paraplegia develop rarely, their incidence in cases of aortic dissection is between 2% and 8% [14] .
Mechanism of AS, Cardiac and Vascular Pathologies
Inflammatory cellular infiltrates, cytokines, genetic, and environmental factors are suspected to contribute to the etiology of AS. Many studies have demonstrated that chronic, systemic, and inflammatory states within the SPAs may also cause cardiac and vascular pathologies [15] . Some studies have reported that cardiovascular mortality increases in patients with AS [16] . Although cardiac involvement may be clinically asymptomatic in patients with AS, it can cause significant problems in some patients. The incidence of cardiovascular involvement in AS ranges between 10% and 30% [16] .
When it is taken into account that cardiac changes may start before the clinical symptoms of AS present, early diagnosis and treatment are even more important [17] [18] [19] . More than one method is described in the literature, such as 24-h Holter monitoring and echocardiography, to assist in assessing the cardiac signs of rheumatic disease [19] . Yildirir et al have demonstrated that the calculation of QT dispersion on a standard ECG revealed valuable information regarding arrhythmias in a more economic, easily applicable and rapid manner. Patients at an increased risk for arrhythmias could therefore be directed for more advanced examinations. The increased frequency of aortitis in patients with AS was first found in the 1930s. Today, it is known that AS is not only related to aortic pathology, but also to cardiac complications such as left ventricular diastolic dysfunction, pericarditis and conduction disorders (AV block or branch block), and rarely mitral insufficiency, cardiac failure and cardiomegaly [1, [20] [21] [22] .
Conduction and Rhythm Abnormalities
The most frequently observed cardiac sign in AS patients is a conduction abnormality, which generally precedes other cardiac findings such as valve insufficiency [16] . Cardiac involvement has been detected in 5-10% of patients with AS in the form of a conduction disorder or aortic insufficiency [23, 24] . Although rheumatological signs of AS are absent in HLA-B27-positive patients, an increase in conduction disorders in these patients has been detected [23] . Indeed, 20% of patients with permanent pacemakers have been found to be positive for HLA-B27 [22] . In a study by Dik et al [23] , first-degree AV block conduction disorder was shown to have a significantly higher prevalence in AS patients compared to the normal population and conduction disorders were associated with disease activity and duration. There are two common theories about the etiology of conduction disorders in patients with AS: inflammation that leads to damage to the interventricular septum wall and AV node dysfunction that forms as a result of damage to the arterial supply to the AV node [23] . These processes combine to contribute to AV extrasystole and the formation of AV block [19, 23] . Toussirot et al [25] suggested that autonomic nervous system irregularities can lead to conduction defects and arrhythmias, and therefore affect prognosis unfavorably. In patients with AS, they have defined ESR and CRP levels and disease severity as factors associated with the autonomic nervous system [9, 25, 26] . Yildirir et al [26] did not find a statistically significant difference between AS patients and the control group in terms of autonomic dysfunction, but accepted that the study was limited by the fact that all patients were young and on significant anti-inflammatory treatment, which could have slowed or stopped the progression of autonomic dysfunction.
Valve Involvement
In AS, the presence of aortic root and valve disease is related to the duration of underlying disease [1] . One of the primary pathophysiological explanations for valve disease in AS proposed by Bulkley and Roberts has been that aortic root dilatation results from fibrous growth along the intima [27] , after they examined the autopsy findings of eight patients with AS.
In more detailed examinations, it has been observed that the cellular inflammatory process that leads to endarteritis around the aortic root and valve and is sustained by platelet aggregation leads to tissue thickening, as well as to aortic valve insufficiency by stimulating fibroblast hyperactivity [1, 28] . In their study, Roldan et al [28] examined the aortic root and valves using transthoracic echocardiography (TEE) in patients with AS, and found aortic root and valve disease in 82% of patients with AS compared to the control group. Other findings included aortic root thickening, increased aorta root stiffness and vessel dilatation. In their study with follow-up for > 39 months, they detected 25 patients (24%) who developed new aortic root or valve abnormalities, while current valve insufficiencies significantly worsened in 12%, and abnormalities were resolved in 20%. Valve replacement was performed in 20% of patients who developed cardiac failure. Aortic valve insufficiency is mostly observed in patients with AS; however, mitral insufficiency does occur but at a lesser frequency [1] . The suggested mechanism is that the fibrosis of sub-aortic tissues may reach the mitral valve leaflets. Therefore, fibrosis directly causes mitral insufficiency and consequently decreased mitral valve mobility. Another potential mechanism that causes mitral insufficiency is mitral valve stenosis, caused by left ventricular hypertrophy as a result of severe aortic insufficiency [1] .
Systolic and Diastolic Dysfunction
It has not been fully clarified whether cardiac changes as a result of AS develop secondary to the primary involvement of cardiomyocytes or secondary to aortic and valvular involvement. In some trials in which the left ventricular function (LVF) of patients with AS was examined, defects in systolic and diastolic functions were frequently reported [24, 29, 30] . Brewerton et al [31] studied myocardial tissue biopsies in 28 patients with AS who had no ischemic heart disease, valve disease or hypertension, and observed a slight increase in diffuse interstitial connective tissue; however, no inflammatory change or amyloid was detected. Furthermore, no hypertrophy was observed in the hearts examined. Of the studies in which systolic functions were examined, Riberio et al [32] detected varying degrees of systolic dysfunction in five patients with apparent contraction disorder in a series of 28 patients, while Brewerton et al [31] have detected this in 16 out of 30 patients. Gould et al [20] described several abnormalities in the myocardial functions of patients with AS. The most important of these is diastolic dysfunction, suggesting a decrease in left ventricular compliance. In their studies, Crowley et al [24] detected diastolic dysfunction at the rate of 20% (59 patients), and Brewerton et al [31] have detected diastolic dysfunction at the rate of 50% among 30 patients. The authors suggested from their histopathological data that there was an increase in myocardial inflammation and the connective tissue/myocyte rate. In their studies, Yildirir et al [17] specifically examined the diastolic filling functions of AS patients, showing a statistically significant slow early diastolic filling rate (E-wave rate), and a late rapid diastolic filling rate (A-wave rate). In these patients, early diastolic filling/late diastolic filling rate ratios were assessed as being generally lower than controls. Similarly, Gould et al [20] assessed diastolic dysfunction during activity using radionuclide angiography. The diastolic dysfunction in AS is usually not sufficiently severe to cause diastolic heart failure [21] . Coronary flow reserve (CFR) is used to assess the function of coronary arteries in terms of microvascular circulation. Some experts have emphasized the prognostic significance of this measurement in patients with atherosclerosis [18] . In their study published in 2008, Caliskan et al [18] used transthoracic Doppler echocardiography (TTDE) to assess CFR in AS patients, and determined that CFR levels were decreased. Furthermore, CRP and TNF-alpha levels correlated with CFR values in these patients. In another study performed in 2010 with a very limited sample size (17 patients), the myocardial infarct rate was examined in AS patients, and an increase of 2 -3 fold was found in the infarct rate of the AS population [34] . It is important that there is no difference between the use and type of anti-rheumatic treatment among AS patients with or without a history of myocardial infarct. Divecha et al [35] showed in 2005 that not only the level of inflammatory markers (e.g., CRP and IL-6) increased in patients with AS, but these caused insulin resistance and dyslipidemia as a result of their effects on lipid metabolism and insulin activity, resulting in atherogenesis. It has been reported that a chronic elevation at the levels of these markers, even though sub-clinical, would accelerate the risk for coronary heart disease in patients with no autoimmune diseases [33, 35] .
Conclusion
The effects of AS on the cardiovascular system significantly affect mortality and morbidity. If chest pain develops in at-risk individuals, aortic dissection should be considered, and urgent interventions should be performed as appropriate. Therefore, the cardiological examination of patients with AS should be emphasized especially in individuals with long-term disease and who are HLA-B27-positive. The fact that cardiac involvement may occur before the emergence of clinical findings of AS, and that an underlying disease such as AS may be present in patients who have had aortic dissection, should be considered in affected patients.
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